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[57] ABSTRACT

A tuning system comprising a memory for storing
therein local oscillation frequencies of a plurality of
channels to be received and an intermediate frequency,
a first control loop circuit for controlling an oscillation
frequency of a controlled oscillator on the basis of one
local oscillation signal stored in said memory, and a
second control loop circuit for controlling a controlled
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1
TUNING SYSTEM

BACKGROUND OF THE INVENTION

This invention relates to a tuning system which is
suited for a receiver such as a television receiver or RF
transceiver. -

A conventional tuning system such as disclosed in
U.S. Pat. No. 4,142,158 1s equipped with a keyboard for
selecting a desired channel, a memory for storing a
plurality of local oscillation frequencies corresponding
to the number of channels and a so-called phase locked
~ loop for maintaining a local oscillation frequency at a
predetermined value. When a desired channel is desig-
nated by depressing a key on the keyboard, the data for
the local oscillation frequency corresponding to the
desired channel is read out from the proper memory and
a frequency dividing ratio of a programmable divider in
the phase locked loop (hereinafter referred to as a
“PL.L”) i1s determined on the basis of this data. In con-
trolling the oscillation frequency of a voltage controlled
oscillator (hereinafter referred to as a “VCQO”) forming
the local oscillator of a tuner, the programmable divider
1s operable to determine the oscillation frequency. The
oscillation frequency from the VCO is applied to the
programmable divider where its frequency is reduced,
the resulting signal being fed to a frequency compara-
tor. The frequency comparator receives the output
from a quartz oscillator as a reference signal and, upon
comparing both frequencies with each other, produces
such an output signal that renders the oscillation fre-
quency of the VCO constant. The output from this
frequency comparator is applied through a lowpass
filter to the VCO, from which a predetermined local
oscillation frequency correspondng to a desired channel
1s supplied to the mixer of the tuner. Thus, the channel
designated by the keyboard is received.

In the receiving system having the above-described
construction, it 1s desired that the system also be
equipped with such a function as will allow a channel to
be recetved by automatically jumping over those chan-
nels in which no broadcasting is effected. Depending on
a broadcasting area, a station may shift considerably the
center frequency of a given channel, even for a channel
of the same channel number, in order to prevent inter-
ference. In such a case, too, it is desired that the system
be capable of being tuned exactly to a selected fre-
quency. When the tuner is of a double super-heterodyne
type, further, an automatic frequency control circuit
must be added to a second local oscillator so as to cope
with the frequency fluctuation of the second local oscil-
lator, if any, even if a first local oscillator is controlled
by means of the PLL. Preferably, this problem should
also be solved.

SUMMARY OF THE INVENTION

It is an object of the present invention to prowde a

tuning system which is capable of jumping over empty
channels.

1t 1s another object of the present invention to pro-
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To accomplish these objects, the system of the pres-
ent invention comprises a first control loop circuit for
controlling a local oscillation frequency and a second
control loop circuit for maintaining an intermediate
frequency of a timer constant, whereby the number of
circuits common to both control loop circuits is maxi-
mized.

These and other objects and features of the present
invention will become apparent from .the following
detailed description with reference to the accompany-
ing drawing.

BRIEF DESCRIPTION OF THE DRAWING

- The accompanying sole drawing 1s a block diagram
illustrating the tuning system in accordance W1th the
present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

The tuning system shown in the sole drawing consists
of a keyboard 1 for designating a desired channel to be
received and for switching the channels in the up or
down direction, and a control circuit 2 for controlling a
control loop circuit to be described later on the basis of
the signal from the keyboard. The control loop circuit
consists of a first loop circuit and a second loop circuit
selected by a switch 3 in response to a signal from the
control circuit 2. The first loop circuit comprises a
digital comparator 4, a charge pump 5, a voltage con-
trolled oscillator (hereinafter referred to as a “VCQO”) 6,
divider 7 and a counter 8. The second loop circuit com-
prises the digital comparator 4, the charge pump 5, the
VCO 6, a mixer 9, an intermediate frequency amplifier
(hereinafter referred to as an “IF amplifier”) 10 and the
counter 8. A tuner 20 consists of the VCO 6, the mixer
9, the IF amplifier 10 and a radio frequency (hereinafter
referred to as an “RF amplifier”) 11.

The abovementioned control loop circuit is associ-
ated with a READ-ONLY member (hereinafter re-
ferred to as “ROM?”) 12. In the case of a television
receiver, for example, the ROM 12 stores in advance
signals corresponding to twelve local oscillation fre-
quencies numbered from channel 1 to 12 and a normal
intermediate frequency. Reference number 13 in the
drawing represents a display for displaying the channel
received.

The system of the present invention operates in the
following way.

Assume- that the receiver is now tuned to the channel-
2 and 1s about to be switched to the channel-5 with the
channels-3 and -4 being empty. In this case, the UP key
of the keyboard 1 is depressed and the signal from the
keyboard 1 is input to the control circuit 2, thereby
resetting the counter 8. To actuate the first loop circuit,
the switch 3 is manipulated by a signal from the control

- circuit 2 to change the connection terminal from the
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vide a tuning system which is capable of being tuned -

exactly to a selected frequency even if the center fre-

quency of the selected reception channel is shifted from
the general center frequency.

It is still another object of the present invention to
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provide a tuning system which does not require the

addition of an automatic frequency control circuit.

contact b to the contact a and the output of the VCO 6,
which is the local oscillation signal of the tuner 20, is
input to the counter 8. Also, the data of the ROM 12 is
changed by one channel in the UP direction. In other
words, the control circuit 2 outputs such a control sig-
nal that the data of the channel-3 is read out from the
memory 12 to the comparator 4. Incidentally, a clock
pulse as the time base is sent from the control circuit 2
to the counter 8 in order to set a count time. |
The oscillation signal from the VCO 6 of the tuner 20
1s allotted by an allotter 14 to the mixer 9 and a fre-
quency divider 7 and the oscillation signal that has been
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frequency-divided in advance down to a predetermined
division ratio is applied to the counter 8 through the
switch 3, the counter operating to count the oscillation
signal and deliver the counted value to the comparator
4. The binary code of the channel-3 is input to the com-
parator from the memory 12, which stores the binary

code corresponding to the local oscillation frequency of

each channel and the binary code corresponding to the
normal intermediate frequency, upon an instruction
from the control circuit 2, and the comparator 4 com-
pares the counted output from the counter 8 with the
binary code from the memory 12. The comparator 4 is
adapted such that, for example, when the balance ob-
tained by subtracting the counter output of the counter
8 in the form of a parallel signal from the output data of
the memory 12 in the form of a parallel signal is positive
(+), it produces an UP signal and when the balance is
negative (—), it produces a DOWN signal as its output.
The output of the comparator 4 is input to the charge
pump 5. The charge pump 5 may be of the same type as,
for example, the one normally disposed on the output
side of the phase comparator used in conventional PLL.
The output signal varies in accordance with the input
signal of the charge pump 5 and is applied to the VCO
6 so as to control the oscillation frequency of the VCO
6 and to lock the first loop circuit at such a stage where
a desired oscillation is established.

When the oscillation frequency of the VCO 6 attains
a frequency capable of receiving the channel-3, the data
read out from the memory 12 coincides with the
counted output from the counter 8 and the comparator
4 sends a coincidence signal to the control circuit 2. To
actuate the second loop circuit, the control circuit 2
then switches over the switch 3 so that an intermediate
frequency signal (hereinafter referred to as an “IF sig-
nal”) is sent from an allotter 15, disposed at the output
of the IF amplifier 10, to the counter 8. At the same
time, the data read out from the memory 12 is converted
from the channel-3 to a binary code corresponding to
the normal IF frequency (e.g., 58.75 MHz for channels
in Japan).

In the same way as described above, the system is
operated so that both coincide with each other. Since
the channel-3 is an empty channel devoid of a broad-
casting signal, however, due to an IF filter (not shown)
of the mixer 9, the mixer 9 does not output any signal
from the VCO 6 to the counter 8, and thus the counted
value of the counter 8 becomes zero and this counted
value 0 is detected by the comparator 4, which in turn
delivers a detection signal to the control circuit 2 and
changes the read data of the memory 12 to the data of
channel-4. At the same time, the switch 2 is also
changed over so that the abovementioned operation is
repeated to jump over the channel-4 in the same way as
the channel-3 until the oscillation frequency of the
VCO 6 for the channel-§ attains a predetermined value
thereby to detect the coincidence of the IF signal of a
subsequent stage.

When the broadcasting frequency coincides with the
center frequency of the channel, perfect tuning can be
accomplished merely by controlling the output of the
VCO 6. Depending upon a broadcasting area, however,
it often happens that the broadcasting frequency is con-
siderably shifted from the center frequency of each
channel in order to prevent interference. Accordingly,
in order to detect the coincidence of the IF signal after
the detection of the coincidence of the local oscillation
frequency, the data of the IF signal stored in the mem-
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the IF signal are compared with each other by the com-
parator 4 and the VCO 6 1s controlled so as to obtain the
normal IF frequency, thus to obtain perfect tuning.

Incidentally, when the DOWN key of the keyboard 1
is depressed, the operation is carried out in the same
way as above except that the channel number moves to
the lower order. When the power source is applied, the
system 1s tuned to the channel of the lowermost order
due to the instruction of the control circuit 2. Further,
when the counted value of the IF signal is 0, the com-
parator 4 detects it and transmits the signal to the con-
trol circuit 2 in the above-described embodiment. How-
ever, 1t 1s also possible to detect the counted value by
the counter 8 and to transmit the signal to the control
circuit 2. o

As described above, the system of the present inven-
tion selects only a receivable channel by detecting the
presence or absence of the IF signal while jumping over
the unnecessary channels, even though all channels are
stored in the memory. Accordingly, it becomes possible
to always receive a different station each time a given
key of the keyboard is depressed without receiving the
empty channels and without having to actuate the keys
for the empty channels before reaching a desired chan-
nel.

In switching the reception channel, the system of the
present invention drives the oscillation frequency of the
VCO into a certain frequency range and changes it into
the IF signal to obtain a predetermined IF frequency.
During the reception, the coincidence of the IF fre-
quency is constantly detected so that the system of the
invention does not call for the addition of an automatic
frequency controller. When the tuner is of a double
super-heterodyne type, the system so operates as to
keep the tuner output constant. Accordingly, even if the
oscillation frequency of the second local oscillator fluc-
tuates, the compensation therefor can be made by the
first local oscillator (variable oscillator).

Further, control is effected in such a manner as to
finally obtain the coincidence of the IF frequency and
perfect tuning can be realized in the same channel even
if the broadcasting frequency is not the center fre-
quency. Although the frequency control is made over a
wide pull-in range, there is no erroneous operation
which will pull in adjacent channels.

The system of the present invention makes it possible
to compare and control two kinds of signals with one
comparator, requires a reduced number of component
parts and markedly improves the operability and reli-
ability.

What is claimed is: N

1. In a tuning system for selected and tuning a chan-
nel signal selected from any one of a plurality of channel
signals in the service area of the system; including a
variable oscillator responsive to control signals for pro-
ducing a local oscillation signal; means including a
counter receiving signals from said variable oscillator
for producing a count signal corresponding to the fre-
quency of said local oscillation signal; means includng a
memory for storing signals corresponding to the count
signal desired when the variable oscillator is producing
the proper local oscillation signal for the channel signal
selected; and means including a comparator receiving
both said count signals and the signals stored in said
memory corresponding to the selected channel signal
for producing said control signals for said variable oscil-
lator whereby said variable oscillator will produce the
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local oscillation signal corresponding to the channel
signal selected; and means mixing the local oscillation
signal produced by said variable oscillator and a re-
cetved channel signal for producing an intermediate
frequency signal; the improvement wherein said mem-
oty additionally storing IF signals corresponding to the
intermediate frequency signal, and control means are
provided for receiving at least a portion of said interme-
diate frequency signal and comparing it with said IF
signals stored in said memory for producing a second
control signal varying said variable oscillator so as to
hold said intermediate frequency signal constant, and
circuit means for controlling said tuning system so that
satd control signals produced upon comparing said
signals stored in said memory with said count signals are
first produced to lock the variable oscillator on the local
oscillation signal corresponding to the channel signal
selected and then said second control signals are pro-
duced to hold said intermediate frequency constant.

2. A tuning system as claim 1, said control means
Including said comparator and said counter.

3. A tuning system as claim 1, said circuit means
further serving to select the appropriate signals from
sald memory. |

4. A tuning system as claim 1, including scan means
for selecting from said memory the signals correspond-
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ing to an adjacent channel should said control means
fail to hold a particular intermediate frequency signal.

5. A tuning system as claim 2, said circuit means
including a switch receiving said local oscillation signal
and said at least a portion of said intermediate frequency
signal and selectively applying one of the signals re-
ceived thereby to said counter.

6. A tuning system as claim 2, said counter serving to
develop a count signal indicative of the frequency of
sald variable oscillator during locking of said variable
oscillator on the local oscillation signal corresponding
to the selected channel signal, and serving to develop a
count signal indicative of the intermediate frequency
signal during operation of said control means.

7. A tuning system as claim 1, said variable oscillator
being voltage controlled.

8. A tuning system as either claim 1 or 2, said compar-
ator being a digital comparator.

9. A tuning system as in claim 1, said memory being
a read-only memory.

10. A tuning system as in either claim 1 or 2, including
a frequency divider dividing the frequency of signals
sent to said counter. |

11. A tuning system as in either claim 1 or 2, including
a charge pump between said comparator and said vari-

able oscillator.
- * X * *
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